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ABSTRACT 

We have performed an experiment to study the inclusive processes a+ + 

A + c’ + X, where a and c are either R, K, or p. The nuclear targets used 

were C. Al, Cu. Ag. and Pb. We have studied the Feynman x and pT depen- 

dence of particle c using the Fermilab Single Arm Spectrometer.. In this paper 

we present cross sections as a function of x at transverse momenta of 0.3 and 

0.5 GeVfc for each target nucleus. The A-dependence is parameterired as UA = 

aoAas and the x-dependence of a is studied. 
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prc ,ous hadron-nucleus (hA) experiments1 have shown that .t high 

cnergie, the multiplication of hadrons within a “uclevll is relatively weak. 

This Is reflected I” the observations that with increasi”S nuclear thickness, 

there 1. at most a linear increase in the multiplicity OF the produced 

b.dro”s2 and, in cornparis”” with badron-nuclean (hN) interactions, only a 

‘light depletion I” the production of the DDBL energetic seco”daries.3 The 

mecb.nia by which newly formed hadrons (or the‘r constituents) lose energy 

in, or interact with. nuclear watter is of fundamental Interest. For this 

ressnn, yc have perfomed a” experiment to study the inclusive process h + A •, 

h’ + x where h was either T+, K+, or p; h’ was dither U*, K*. or p; and A, 

the .ucle~c target. was either C. Al. Cu. & or Pb. Previous mea~ureme”ts of 

tbr A-dependence of inclusive processes in the beam fragmentation region 

locludc proton interactions at 24 CeV,4 f-t productlo” by protons at 300 

tiV.5 “eutron production by protons at 400 CeV,6 and of charged particles 

by ~eutr”“s above 100 GeV.’ 

This cxpcri.ent was a co”ti”utio” of a” exte”si”e study of the 

production of particles I” NI intera~tions.~ Since essentially the sane 

.pu,pent v.. used I” the tyo experiwots, a” accurate comparison between bN 

l d bA i”terrctio”s, free of uny syste~srlc error‘. is possible. 

The experimental apparatus cons‘sted of the Fermilab !,6E beam line md 

the Single Arm Spectrometer Facility. An incident berm of 100 CeV/c ws used. 

Ihe production of the fast secondary, h’, YP. measured over the yeynma” I 

r.nge 0.3 < r,< 0.88 and the tr‘msvcrse momentum range 0.18 < pT < 0.5 Ce”,t. 

0.t. were taken sLmulcaneouely for the nine reaction types (m, rK, “p. em). 

‘l’bhe details af the ‘“strunentation of the beam line and spectroaetcr have bee” 

m,m.arired I” Ref. 7. Good “-K-p separat‘o” was achieved over the eot‘re 



kineutlc range uning rhe eight Cerentuv counters of the faclllry. A list of 

the targets used in the experiment is g‘ven In Table 1. 10 a manner similar 

to chat described in Ref. 7, rhe inreracclon races uere corrected for ~rcicle 

absorption and decay In the specrromerer. flnlte target rhlcknesa, q ulriplc 

.crrrecing losses In the spectromerer, par~,clc misidentlficarion and track 

recoasrrucrion inefficiencies. The corrected races were then used to obtain, 

for every channel. the invariant differenrlal cross secLian E ik (.b/GeV2 
dp3 

per nucleus). 

fhe most significanr features of rhe InclusLve cross-sections are 

described in chls paper. Gmplere numerical resulm and comparison vlrh 

.odels .s well as some Information on the associated p~rcicle producrlon till 

be publiehed elsewhere. 
3 

In Pig-. 1 and 2 we illusrrrte boo E fi i.e., 
A dp3’ 

the differential cross 

,CCL~OD‘ per nucleon. depend w x. pr and A. The error‘s Lndlcared are 

.t~tlSCI.Xl. TIE overall normalization uncercslnty is escimared to be 102. 

The .ystemacic uncertainty due LO parriclc misidenrlficarlon in the reaction, 

with an outgoing kaoa is less than 5%. The results shorn are for channels 

here w have the highest statistics. The ocher cbannelr l xhlbic similar 

trend*. 

To facilitate the presentarion of aI1 these data. we ficced Lhe A-depen- 

deoca of chc cross sec~ior.s to the emp‘rIc.1 form 

3 
F. F (x. PT. A.) - Oo(X. P,) A 

a(x.P+ 

dp 

Hydrogen dam were noi included in rhe flts. Tha resutrr are given in Table 2 

and Fig. 3. For conparisan oar previous hydrogen differential cross s.ctIons 

are @“en both In ‘Table 2 and Figs. 1 and 2. 
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The .ol,ovlng general trends in the data should be nored. 

1. Over the entire range of x covered !n rhls experiment. the effective- 

ness of nucleons In the nucleus In producing particles decreases wlrh A. Thhis 

is true not only for channels where the outgoing parrlcle is Identical with 

the incoming one (n+-+, K+-K+, p+p), but also for channels where the outgoIng 

pertfcle fs different (e.g., n*rn-,. If one Interpret?, this decrease of the 

effcctlveness of nucleon?, In producing particles as an attenuation of the 

incident or outgoing stats, a comparison of p and * -induced rtactio~ shows 

that, Independent of the produced particle. the attenuation is greater for 

incldcnt protons. 

2. In the range of h covered (180-500 UeVlc). no lignificant dlffer- 

l ,,ces are seen in the A-dependence of particles produced with different ,,f 

3. Comparison of our results for 100 CeV proton-induced reactfons with 

the 24 CeV data of EIchten et al.’ (see Fig. 3). suggest that there are no 

differences In the observed A-dependences over this energy range. 

4. At the highest values of x the differential cross sections tend 

towards values which one would expect from the contrlbctfon of single colli- 

sions In the nucleus (l.c., prtmarily peripheral). g There ia no evidence of 

high x cro,s sections per nucleon epproachlng hydrogen values aa suggested by 

some petton-multi-peripheral modeL9 

5. The n-n data at high x is nt!aer poorly represented by the A gram- 

l teriratfon. There is a tendency for the cross section per nucleon LO de- 

crease with A faster than a simple power law. 

6. In the n-n channel. in particular .+T-, there is an enhancement at 

high x which has only s rrsk. A-dependence. A pmslble Lnterpretation is that 

many of the high x pions are frm the decay of resonances coherently ‘produced 

on the nucleus. 



-5- 

Vc would like to express our thanks to the many people .t the Fermi 

National Accelerator Laborarmy who have contributed to the successful 

operatim of this experiment. This work “.?I supported in part by the D.S. 

Departmeat of Energy. the Natlonal Science Foundation Spec,al Foreign Currency 

Program, and the Imtltuto Nerionale df Flsica Nucleare. Italy. 

nefercncer 

. . Pre,cnt .ddress: Brookhaven Nation.1 Labaratary. Upton, N.P. 11973. 

b. Present address: Brookhaven ltatlonal Laboratory. Upton. H.Y. 11973. 

C. Present .ddreas: Ccntre d’Etudes Nucleaires de Saclay, Clf-sur-Yvette, 

France. 

d. Present address: University of Illinois at Chicago Circle, CbicaBo, 

1lllnoi* 60680. 

1. For a rcvicv of badron-nucleus collisions see. for example: 1. Buara. 

Act. Ph,s. Pal. 2, 333 (1977); c. H.slliwell. eroc. VIII Int. symp. on 

Hultiprrtlcle Dynamics, Ksysersber8. 1977. 

2. See for example: J.E. ElIas et al.. Phys. Rev. Lett. 2, 285 (1978). 

3. see for example: D. Cbeney et al.. Physi. Per. L&L. “0. 71 (1978). 

4. 1. Eichtcn et al.. Nucl. Phya. 44. 333 (1972). 

5. K. Rller et al.. Phys. Par. c. 2737 (1977). 

6. “.R. Nhalley et al.. Univ. of Hichigan report W-HE 79-14. 

7. V.Y. To,. Ph.D. lbeslr. M.1.T.. 1978 (unpublished); V. Aithenhead. Ph.D. 

hesi,, “.I.T., 1979 (unpublished). D. Cutts et al., phy,. Rev. Lett. 40. 

~141 (1978); D. Cutts et al.. Phys. Rev. Lett. 1, 319 (1979). 

8. Prfvsce communlcsrion - Haifa group. 

9. see for cmmple: N. Nikolaev et al., CERN Preprint TH-2541 (1978). 



-6- 

TABLE 1 

Targets used In this erperlmenr. !fosr dat. w.6 taken with 
thick targets; others were used for finite rhlckness correction. 

Thickness (g-c= 
-2 ) 

C 12.0 1.37 

3.93 

s.79 

N 27.0 5.99 

CU 63.5 2.89 

5.94 

9.94 

Acr 107.9 6.71 

Pb 207.2 2.06 

4.M) 

7.38 
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Pesults of firs: e 
d3a4 
- - a0 Aa and luaured hydrogen cro8~ 

d3a 
dp3 

8ection. aa - e 2. (from reference 7. previously unpublished) 
dp3 

Bk?aCCIozl 

.+-a+ 
w 

h- 
.I 

+ - 
z 
Pl- -3 

P*- -5 

.++S+ 

PI’ 
.3 

a 

.30 .65 t -03 

.40 .66 * .Ol 

.50 .58 * .03 

.bo .60 t .03 

.70 .63 * .02 

3.0 .59 * -02 

33 .50 * ;03 

.30 .bb.t .04 

.50 ,62 t -03 

-110 -51 z -02 

.30 -70 ?. .02 

.40 .64 t .02 

.50 .59 * -04 

.bO .67 f .04 

-70 .(b * .04 

-80 .65 t -03 

.88 .I4 t .05 

-30 .63 f -03 

.so -64 * -04 

.80 .57 2 .07 

.M 

.CO 

.50 

-60 

-70 

.58 ‘t .08 

.69 e .06 

-65 I -05 

-66 ? .07 

.5a t .07 

4 
-1! ‘5 

Imb/GeVlc)21 - 

11.5 * 1.2 

8.02 t .41 

8.95 * 1.04 

7.61 t -85 

6.39 f .3a 

6.i? t .51 

8.80 f -91 

6.1 f 1.1 

3.36 t .39 

3.14 t .27 

5.11 * .47 

3.67 t .34 

1.83 * .25 

1.40 f -20 

1.30 t .18 

1.07 * .13 

1.07 f -20 

3.4b t -38 

0.99 t .16 

0.27 9a .07 

1.49 f .48 

0.72 t -18 

0.61 t -14 

0.40 2 .ll 

0.45 t .12 

6.36 t -22 

5.15 * .lP 

4.50 t .18 

4.34 * .09 

4.29 t .09 

4.35 t .07 

4.94 t .ll 

3.58 * .is 

1.91 * .06 

1.60 t .03 

3.52.i .14 

2.02 t .07 

1.11 t .a4 

0.97 9. .04 

0.83 t .03 

0.65 ? .D3 

0.46 1 .D2 

1.76 f -11 

0.67 t .D4 

0.14 * .02 

0.66 t .12 

0.49 * -08 

0.38 2 .07 

0.23 f .03 

0.22 2 .03 
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r++K- 
Pi -3 

CL 
Pi .3 

PT- .5 

DZP 
Pi .3 

Pr’ .5 

& 
Pi .3 

Pi .5 

.30 .70 * .09 0.64 t .24 0.40 ? .D7 

.40 .61 ? .OV 0.49 ? .I6 0.33 f .D4 

.50 -63 9. .12 0.24 f .ll 0.16 k .02 

.60 .76 t .08 0.11 f .D3 .I03 t .014 

.70 .69 2 .lO 0.12 2 -05 .068 t .OlO 

.30 

.40 

.50 

.60 

.70 

.30 

.50 

-30 

.40 

.so 

-60 

-70 

-80 

.a8 

.30 

.50 

.84 

.30 -58 f .05 

.4D .56 f .02 

.50 .s4 * .03 

.60 .59 f -05 

.70 .56 t .07 

.80 .6D f .ll 

.30 .62 t .04 

.50 .51 * .ll 

.69 2 .06 1.27 t .32 0.65 f .07 

.64 k .04 0.93 f. .15 0.45 f .06 

.59 * .05 0.63 t .13 0.33 ? .05 

.61 f .09 .32 * .12 0.17 f .02 

.59 f .DV 0.20 t .06 0.11 2 -02 

.75 * .07 0.58 t .16 0.43 t .05 

.66 f .08 0.40 t .12 0.19 5 .02 

-61 t .02 10.1 ? 1.0 5.62 ? .29 

.59 t .02, 11.4 f 0.8 6.41 f .33 

.55 e .ot 13.3 ? 1.2 8.51 t .39 

-51 t .ot 15.5 t 1.2 10.00 t -20 

.49 + .D2 18.2 t 1.5 10.72 i -21 

.51 f -01 16.4 ? 0.8 11.75 * -17 

.46 i .Dl 20.0 f 1.0 13.60 2 .27 

.6D f .03 6.0 2 0.8 2.90 f .I8 

.50 f .08 8.8 f 2.7 3.79 f .12 

-46 f .02 7.7 ? 0.7 4.14 f. .lO 

9.6 ? 2.0 5.50 f .26 

5.81 t .51 2.34 + .19 

3.2b f -38 1.78 ? .17 

1.25 t -26 0.81 2 .05 

0.54 e .14 0.37 2 .03 

0.15 t .07 .D62 1: .014 

3.94 2 .66 2.46 f .I6 

1.62 ? .67 0.65 i .04 
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x a 

p .30 .62 f .04 

Pi -3 .60 .53 f .06 

.50 -56 t .12 

.60 .52 ? .08 

.70 .55 f .13 

Pi .5 .30 .55 t .04 

.SD .43 + .08 

4.28 2 -63 

2.60 ? .60 

0.72 ‘_ .32 

0.41 2 .12 

0.09 t .05 

3.00 t .$l 

0.85 t .25 

“a 
2.71 t .16 

1.31 * .07 

0.48 + .04 

0.25 * .02 

.077 5 .013 

1.33 t .I2 

0.23 f .03 
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risuura CaDtions 

ri& 1 (a)-(i): 1nvariaar cross section per nucleon n FqTlun x 

mamared at pl - 0.3 IWJlc. 

li& 2 W-(f): 1nv.rianc CIO“ s*ction per nucleon V. Feyman x 

usured .L pT - 0.5 GeVlc. 

ri,. 3 Powr a(x) from firs LO invariant #x0.. l ction cp*r nuclclu). 

*&I 

de3 

- I@" from Table 2. The cur”B represents the data 

of Reference 4 fitted at p2, = 0.3 GeV/c. 
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